Aim: To conduct a detailed investigation into changes in activity limitations and participation restrictions over 10 years in people with mild, moderate and severe multiple sclerosis. Methods: This study was a 10-year longitudinal study of 264 people with multiple sclerosis living in Stockholm County, Sweden. Ten-year changes in personal and instrumental activities in daily living were assessed using the Katz Activities in Daily Living Index Extended and participation in social/lifestyle activities using the Frenchay Activities Index. Results: While people with moderate multiple sclerosis, compared to baseline, demonstrated significantly higher proportions of dependency in most activities of personal and instrumental activities in daily living at the 10-year follow-up, the mild group primarily increased their dependency in instrumental activities and the severe group in personal activities. Significantly higher proportions of the moderate group showed restricted participation in domestic and outdoor activities whereas the mild group only showed restrictions in a few domains of participation. A majority of people with severe multiple sclerosis showed restricted participation in all social/lifestyle activities at baseline and the 10-year follow-up. Conclusions: Prominent long-term increases in activity limitations and participation restrictions occurred across the spectrum of disease severity but was most pronounced in those more moderately affected.
Introduction
Multiple sclerosis (MS) is a neuroinflammatory demyelinating disease causing progressive disability and resulting in a substantial burden for the individual and society [1, 2] . As MS progresses, people with MS experience reduced ability to perform activities of daily living (ADL) and to participate in various life situations [2] [3] [4] [5] [6] ; which in turn have a negative impact on their quality of life [2, 7, 8] . MS often results in different types of disability (e.g. in walking, manual dexterity and cognition) that could impact work participation and cause sickness absence [9, 10] which in turn is associated with increased costs for society [11] . From a healthcare point of view, a major aim of the management of people with MS is to minimize the impact of activity limitations and participation restrictions. It is therefore important to conduct longitudinal observational studies to identify which specific activities are prone to long-term deterioration (i.e. across 10 years or more) in people with MS. This line of research is especially important to tailor health care to address the needs of the person with MS [12, 13] .
Previous longitudinal studies have demonstrated increased proportions of people with MS with dependency in personal ADL (e.g. feeding) and instrumental ADL (e.g. cleaning) over 10 years [3, 4] . In contrast, inconsistent findings have been reported with regard to participation in more complex social/lifestyle activities (e.g. work and social occasions); most studies have shown restricted participation in people with MS across 10 years [3, 14, 15] whereas others have demonstrated sustained [4] or improved participation [16] . The aforementioned longitudinal studies have reported changes in the sum score of items compromising instruments assessing ADL or participation. However, to the authors knowledge, no previous study has assessed changes in ADL and participation on an item specific level, i.e. explored changes in activity limitations and participation restrictions in the specific activities (e.g. feeding, bathing and dressing) included in the instruments. As previous studies have also demonstrated varying disability courses between people with MS with different disease severity [3, 17] it is important to explore changes in activity limitations and participation restrictions in people with MS with different disease severity.
The aim of this study was therefore to conduct a detailed investigation into changes in activity limitations and participation restrictions over 10 years in people with MS with mild, moderate and severe MS at baseline.
Materials and methods

Study design and ethics
This study was a 10-year prospective study including two MS cohorts in Stockholm, Sweden. Despite differences in participant recruitment between the two MS cohorts (see below), combined they can be seen as providing a representative sample of people with MS living in Stockholm. The first cohort was a populationbased study including a random sample of 321 people with MS from a data pool consisting of 2129 patients from all the hospital neurology clinics in Stockholm County [4, 6] . Baseline assessment was performed between September 1999 and September 2002, and participants were re-assessed between 2009 and 2012 for a 10-year follow-up. To the second cohort, 255 people with MS were recruited from the MS Center at Karolinska University Hospital, Stockholm, between February 2002 and June 2002. Participants were re-assessed 2012 for a 10-year follow-up [2, 3] . All participants were diagnosed with MS according to Poser criteria [18] and were free of other severe neurological or psychiatric illness. All participants received information about the study aims and procedures and written informed consent was obtained afterwards. This study was approved by the Regional Board of Ethics in Stockholm (registration numbers 2018/876-32/3 and 2018/963-32).
Data collection
Data collection in both cohorts comprised standardized face-toface interviews and self-reported questionnaires and occurred at the MS Center or in the participant's home. Table 1 summarizes the instruments used and variables studied in this study. Data on age, sex, living situation, work status, prescribed immunomodulatory treatment and disease duration (years) were collected. The course of MS was determined as relapsing-remitting or progressive MS. Disease severity was determined by the use of the Expanded Disability Status Scale (EDSS) [19] and classified as mild MS (EDSS 0-3.5), moderate MS (EDSS 4-6.5) and severe MS (EDSS 7-9.5).
For the activity domain, the Katz ADL Index Extended (KATZ Index) was used to assess personal ADL (feeding, bathing, dressing, continence, toileting, transferring) and instrumental ADL (cleaning, shopping, transportation and cooking) [20, 21] . Each activity was scored as being "dependent" (i.e. requiring assistance) or "independent" (i.e. able to perform the activity without assistance). To gain information about the overall changes in dependency in ADL, the participants who reported dependency in one or more items of the two sub-domains of KATZ Index were classified as dependent in personal or in instrumental ADL. To gain information regarding activity specific changes, dependency in ADL for each item of the KATZ Index was analyzed. The KATZ Index has been shown to be reliable and valid in older adults [22, 23] .
For the participation domain, participation in social and lifestyle activities was assessed with the Frenchay Activities Index (FAI) [24] which evaluates engagements in more complex activities; often involving more than one task/action, which require initiative, organization and planning on the part of the individual; as compared to the evaluation of ADL which primarily focuses on more isolated tasks/actions. The FAI contains 15 items covering three sub-domains: domestic (preparing meals, washing up after meals, washing clothes, light and heavy housework), leisure/work (social occasions, pursuing hobby, travel/outings, household maintenance, reading books and gainful work) and outdoor activities (local shopping, walking outside, driving car/public transport and gardening) [24] . Contrasting the original classification of the FAIdomains [24] , "reading books" was classified as an activity within the leisure/work domain. Based on how often the activities have been performed the last 3 or 6 months, each item is scored between 0 and 3 (0 ¼ "never" and 3 ¼ "at least weekly") and summarized as a total score of all items. The FAI has been shown to be reliable and valid in older adults and people with MS [25, 26] and adequate to detect change over time in people with stroke [27] . A total score of FAI <15 points was used to indicate overall restrictions in participation in social/lifestyle activities [28] . To gain information about specific restrictions in participation, people with MS who reported 0 or 1 (i.e. reflecting that the activity is never or seldom performed) for each item of FAI were classified as being restricted in that activity.
Analysis
Statistical analyses were carried out using IBM Statistical Package for the Social Sciences, version 23.0 (SPSS Inc., Chicago, Illinois, USA). Descriptive statistics, mean (standard deviation), median (interquartile range, IQR) and numbers (percentages), were used to present demographics (age, sex, living situation and work status) and MS characteristics (disease duration, EDSS score, disease course and immunomodulatory treatment) at baseline. Changes in EDSS score between baseline and the 10-year follow-up for participants with mild, moderate and severe MS were analyzed with the Wilcoxon signed-rank test. Item specific data obtained from KATZ Index and FAI were binominal (i.e. dependent/independent in ADL and restriction/no restriction in participation) and presented separately as numbers and percentages for the different disease severity groups. Changes in proportions between baseline and 10-year follow-up were analyzed with the McNemar test. To decrease the risk of a Type 1 error related to multiple statistical tests, the significance level was set at p 0.01.
Results
Participants' baseline characteristics
From the two original cohorts, 376 people with MS were enrolled and 264 participated in the 10-year follow-up (see Figure 1 ). Of those not participating in the 10-year follow-up, 61 were deceased and 51 declined to participate. Of those completing the study, 142 (54%) of the participants were classified as having mild MS, 84 (32%) had moderate MS and 38 (14%) had severe MS at baseline. The baseline characteristics of the participants who completed the study and those lost to follow-up are presented in Table 2 .
Changes in disease severity
Compared to baseline, significant decline in median (IQR) EDSS score was demonstrated at the 10-year follow-up for the entire MS cohort 
Changes in activity limitations
At the 10-year follow-up, significantly higher proportions of people with MS with mild and moderate MS were dependent in personal ADL (mild: 20% vs 3%, moderate: 49% vs 12%, p < 0.001) and instrumental ADL compared to baseline (mild: 42% vs 16%, moderate: 88% vs 70%, p 0.001, Table 3 ). For the moderate group, the item specific analysis demonstrated significantly higher proportions of dependency in all personal ADL except feeding (p 0.001) and for all instrumental ADL except cleaning (p 0.002, Figure 2B ). The mild group showed higher proportions of dependency at the 10-year follow-up with regard to urinary continence and in all instrumental ADL (p 0.001, Figure 2A ). At the 10-year follow-up, significantly higher proportions of people with severe MS were dependent in personal ADL compared to baseline (95% vs 68%, p ¼ 0.002) which derived from increased dependency in all personal activities (p 0.001, Figure 2C ). All people with severe MS were dependent in instrumental ADL at baseline and at the 10-year follow-up (Table 3) .
Changes in participation restrictions
As shown in Table 3 , overall participation restrictions (FAI total score <15 points) at baseline were most common in the severe group (71%), followed by the moderate (17%) and mild MS group (2%). While the moderate group demonstrated significantly higher proportions of overall participation restrictions at the 10-year follow-up than baseline (44% vs 17%), p < 0.001), no significant changes in proportions occurred in people with mild (p ¼ 0.022) or severe MS group (p ¼ 0.063, Table 3 ). For the moderate group, the item specific analyses demonstrated increased proportions of people with participation restrictions between baseline and the 10-years follow-up in domestic activities, i.e. preparing meals (p < 0.001), washing up after meals (p ¼ 0.001) and washing clothes (p ¼ 0.009), gainful work (p < 0.001) and outdoor activities, i.e. local shopping (p ¼ 0.001), walking outside (p < 0.001) and car driving/public transport (p < 0.001, Figure 3(B) ). The item-specific analyseswashing up after meals (p ¼ 0.008), heavy housework (p ¼ 0.010), household maintenance (p < 0.001), gainful work (p < 0.001) and driving car/public transport (p ¼ 0.007, Figure 3 
Discussion
Although previous studies have provided important information about the changes in activity limitations and participation restrictions for people with MS [3, 4] , this study is the first to undertake an item-specific investigation on which specific activities and commitments that are prone to deteriorate in this population. The major findings were that while increases in activity limitations and participation restrictions occurred across the spectrum of disease severity the overall decline was most pronounced in those moderately affected. Those mildly affected by MS primarily increased their dependency in instrumental activities and those severely affected increased their dependency in personal activities. In the context of management of MS, while developing patient reported outcome measures and interventions for people with MS, the current findings shed light on the different courses of activity limitations and participation restrictions across the spectrum of disease severity and further emphasizes the importance of considering specific activities and engagements. In the general population, previous research has identified three major trajectories of ADL; individuals who remain independent over time, individuals with a progressive increase in dependency and individuals with high dependency that remains unchanged over time [29] [30] [31] . The present study found that the most progressive increase in proportions of people with ADL dependency occurred in the moderate group (EDSS score 4-6.5) whereas the mild group remained independent with regards to the most personal activities but revealed increased proportions of dependency in instrumental activities. Furthermore, the item specific analyses showed that the mild and moderate MS group had increased proportions of dependency for shopping, transportation and cooking (see Figure 2(A,B) ). Since dependency in these activities rarely increase in older adults without chronic diseases [32] the current results highlight the likely downward transition toward ADL dependency in these subgroups, in particular people with moderate MS. These results are in line with previous crosssectional findings showing high presence of disability in people moderately affected by MS [2] and longitudinal findings demonstrating a more pronounced increase in disability over 10 years in a subgroup with predominantly moderate MS as compared to mild MS [3] . In line with previous epidemiology studies [33, 34] , people moderately affected by MS have the greatest tendency towards functional decline since they often experience impairments in several domains (e.g. walking, cognition and manual dexterity) that might negatively influence both their independence in personal and instrumental ADL as well as their capacity to participate in more complex activities. In contrast, the high and unchanged dependency of instrumental ADL and participation restrictions in people with severe MS probably suggest that they had reached a plateau in activity limitations and participation. These results reflect the fact that this subgroup, as a consequence of the devastating effects of impaired physical and cognitive functioning in this phase of MS [35, 36] , have the greatest need for long-term care at any given time.
In the current study, while participation restrictions remained low in people with mild MS and high in people with severe MS, only the moderate MS group demonstrated an overall increase in participation restrictions (FAI total score <15 points). The moderate group's participation restrictions in domestic (i.e. preparing and washing up after meals and washing clothes) and outdoor activities (shopping, walking and driving car/transport) had increased at the 10-year follow-up, whereas the mild group only showed restrictions in a few and varying domains of participation (see Figure 2(A,B) ). It is important to acknowledge that participation is a complex phenomenon which could be operationalized in different ways and have different significance for the individual. Therefore, the item-specific analyses (i.e. evaluation of specific activities/engagements) used in the present study to investigate changes in participation could provide an important complement as compared to previous studies which have focused on the overall changes in participation (i.e. evaluation of a sum-score of different items). In line with this reasoning, it is not surprising that previous studies have reported inconsistent results with regards to long-term changes in participation among people with MS; varying from reduced [3, 14, 15] , sustained [4] and improved participation [16] . Furthermore, there is no clear evidence from these studies that a certain disease group of MS would experience greater participation restrictions across time. As no previous study has used the FAI to assess overall participation restriction (i.e. sum score <15) or item specific restrictions in participation in people with MS, a direct comparison between the present findings and previous studies is difficult. It is therefore important to recognize the need for longitudinal and qualitative studies to identify which individuals sustained their participation and how people with MS perceive their participation.
There have been major advances regarding the development of disease modifying therapies (e.g. interferon beta, glatiramer acetate, teriflunomide, dimethyl fumarate, fingolimod, natalizumab, ocrelizumab), reducing relapse rates and slowing disease progression for people with MS [37, 38] . Still, there is a continuing need to provide appropriate rehabilitation services to address activity limitations and participation restrictions in this population. Current findings regarding the effects of different rehabilitation modalities on the management of functioning in people with MS are promising [39, 40] , but there are several important limitations to the existing body of evidence. Firstly, while the number of rehabilitation trials for stroke [41] and Parkinson's disease [39] have increased dramatically over the last 15 years, only a limited number of rehabilitation trials for MS have been carried out for people with MS [40] . Additionally, although physical rehabilitation is important to sustain functioning for people with MS [42, 43] , there is also a need to establish multi-disciplinary rehabilitation programs that incorporate integrated rehabilitation interventions in MS [44] . Such an approach would likely be of specific importance for long-term gains in activity and participation in people with MS as impairments in these domains due to their multi-factorial nature could be difficult for a single health-care profession to manage. For instance, irrespective of MS severity, the present results showed that greater proportions of people with MS were dependent due to urinary incontinence at the 10year follow-up. This implies a great need for attention in rehabilitation since urinary dysfunction may impact quality of life [45] and possibly be related to dependency in instrumental ADL or participation restrictions. There is also a lack of consensus regarding MS specific patient reported outcome measures that could be used in clinical trials to identify meaningful changes for people with MS [12, 13] . The present results provide guidance to the specific activities that are prone to deteriorate across the different stages of MS which should be considered in the development of patient reported outcomes; e.g. the Patient-Reported Outcomes Measurement Information System [46, 47] . For instance, the present study implies that important targets and outcomes for interventions differ between severity groups of MS as people mildly affected by MS primarily increased their dependency in instrumental ADL, those moderately affected in personal and instrumental ADL and those severely affected in personal ADL. Therefore, screening of the specific activities which are prone to decline in each severity groups of MS would important to identify the timepoint when early support or interventions are required in order to sustain activity and participation in this population.
Study limitations
This study has some limitations that require consideration. Firstly, compared to those completing the study, baseline demographics indicated that a larger proportion of those dropping out from the severe MS group (31% vs 57%) lived alone and from the mild and moderate MS groups were not working (54% vs 5-15%). The present results may have underestimated the changes in activity limitations and participation restrictions amongst members of these sub-groups of people with MS. In line with this, despite the extensive use of FAI to investigate participation in social/lifestyle activities [24, 26, 48] it is possible that participants were active in ways not covered by FAI, such as maintaining social contacts and managing daily life by using the internet. The present study did not investigate other important aspects of independency and participation, such as vocational, social roles and self-efficacy [49] . It is also important to highlight that there seems to be an overall ceiling effect of the FAI instrument in people severely affected by MS (see Figure 3 (C)). Accordingly, this raises concerns regarding the utility of the FAI to detect changes in participation in social/ lifestyle activities in severe MS which in the current study might had led to an underestimation of the real change in this group. Furthermore, only 14% of those who completed the study had severe MS which increased the risk of type II errors due to decreased statistical power for analyses of this subgroup. Therefore, the interpretation of the results was guided by absolute proportions at baseline and the 10-year follow-up rather than solely relying on statistical significance. Nevertheless, the strengths of this study were the detailed long-term follow-up of specific activities across different severity groups of MS, the low drop-out rate (29%) and the similar distribution of drop-outs across the severity groups.
Conclusions
Prominent long-term increases in activity limitations and participation restrictions occurred across the spectrum of MS severity, but the overall decline was largest in the those more moderately affected; as evidenced by increased dependency in personal and instrumental ADL and restrictions in varying domains of participation among people with moderate MS. The results of the present study provide guidance of the specific activities and engagements that are prone to deteriorate across the different stages of MS and thereby reflect important targets and outcomes for interventions.
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